A phage which attacks many motile strains of the Proteus-providence group did not replicate on aflagellate or paralysed mutants. The phage consisted of an hexagonal head, a tail and one tail fibre and resembled q~X~. Electron micrographs demonstrated adsorption of the phage to the flagellar shaft of the host and the presence of phage at the flagellar base. Some of the latter phage possessed empty heads, and we postulate that the phage injects its nucleic acid at the base. This phage and ~X~ had a slight serological relationship.
INTRODUCTION
A phage, 4X, which adsorbs to flagella of Salmonella, Escherichia coli, Arizona and Serratia rnarcescens strains was described by Sertic & Boulgakov (I936) . Subsequently the same phage was described by Meynell 0960, Iino & Mitani 0967) and Schade, Adler & Ris (I967) . Studies by Rakieten & Bornstein 0940 and Edwards & Meynell (I968) on flagellar phages active on the above hosts isolated from various parts of the world resulted in the isolation of another five such phages. Because these phages are serologically related, they are labelled ~X1 to 4X0. N~cesco, Constantinesco & Petrovici (I969) in an article on the electron microscopy of a phage which lysogenically converts somatic antigens of a strain of Proteus vulgaris also published a photograph of an unrelated P. rnirabilis phage adsorbed to flagella of a P. mirabilis strain. A phage which adsorbs to Bacillus subtilis flagella has also been described (Joys, ~965; Frankel & Joys, I966; Raimondo, Lundh & Martinez, I968) .
In the course of a study on the swarming of P. mirabilis a flagellar phage (4X7) active on many strains of the Proteus-providence group was isolated. Some properties of this phage are described.
METHODS

Media.
Liquid medium was the broth described by Coetzee & Sacks 096oa). Solid medium was prepared by the addition of I5 g. Difco agar to i L of liquid medium.
Organisms. Wild Proteus mirabilis strain I3 and ~3 str-r (Coetzee & Sacks, I96ob) , I3 argH2 (Prozesky, I968) and the following flagellar mutants of this strain (P. C. Appelbaum, unpublished results) were used: aflagellate mutants FM4 fla, FM5 fla, FM8 fla; paralysed mutants rM3 mot, FMI8 mot, EM68 mot. A locally isolated Salmonella typhimurium, strain s4, was used to propagate ~bX1 (4X~.s4). Organisms used in host range experiments were: 4o strains each of Proteus mirabilis, P. vulgaris and P. rettgeri, 8o strains of P. morganii, 29 Providence, IO Salmonella, 7o Escherichia coli and 11 strains of Serratia marcescens. In addition, 75 P. hauseri strains of the Kauffmann-Perch collection were obtained from Preparation offlagellar suspensions. This was done according to Kerridge, Horne& Glauert (I962) .
Phage. Phages active on P. mirabilis strain 13 were isolated from sewage by enrichment with strain I3 (Adams, I959) . High-titre phage stocks were prepared by the agar overlay method of Swanstrom & Adams (i95 0. Phage X1 was kindly provided by Dr E. W. Meynell (Lister Institute of Preventive Medicine, London). Phage 34. I3 (Coetzee & Sacks, I96ob) , which adsorbs to the soma of strain 13, was used as a control in hanging-drop experiments with ¢X7. I3.
Selection offlagellotropic phage. This was done by plating phage on strain I3 and its aflagellate mutant FM4 fla. Phage which only plated on the former was provisionally regarded as flagellotropic and further investigated.
Transduction. This was done according to the method of Coetzee, Smit & Prozesky (1966) . Adsorption experiments. The method of Meynell (I960 was used: phage adsorption was measured by centrifuging the adsorption mixture at IOOO g for 5 rain. at 4 ° at intervals and assaying for free phage. The initial assay of free phage in adsorption mixtures was done by treating the latter with chloroform. In experiments with flagellar suspensions, I ml. of a dense suspension diluted I/z with broth was used. Adsorption to flagellar suspensions was measured by the centrifugation method only.
Electron microscopy. Phage lysates were purified and concentrated by differential centrifugation (de Klerk, Coetzee & Fourie, I965) . Cell suspensions were prepared by filtering Io ml. of an overnight culture through a o'45 #m. Millipore filter, and the membrane was washed twice with o.I M-ammonium acetate (pH 7"I). Cells were resuspended in I ml. of this buffer. Phage was then added at an input multiplicity of 2oo and the mixture incubated. Samples were mounted at 4 min. intervals by negative staining with neutral potassium phosphotungstate (Brenner & Horne, I959) on carbon support films by a spreading technique (Bradley, I962) . Specimens were examined in a Phillips EM zoo electron microscope.
Serology. Phage XT. I3 lysates were purified as described above, and pellets resuspended in saline-citrate buffer (pH 7"I). Antiserum was prepared, and neutralization constants determined, according to the methods of Adams (I959).
RESULTS
General characteristics
Eleven phages active on strain I3 were isolated. One of these did not plate on the aflagellate mutant. This phage formed turbid plaques which varied from I to 3 mm. in diameter on strain I3. It could not transduce the arg or str-r markers. Addition of a drop of high titre ~XT. I3 to an equal volume of motile strain 13 in a hanging-drop preparation immediately rendered the organisms non-motile (Meynell, ~96~; Raimondo et al. ~968) .
Addition of ~b34.13 was without immediate effect. The phage was tested on a number of flagellar mutants of P. mirabilis strain 13 (Table I) 
Adsorption experiments
Adsorption of the phage to the wild organism increased to reach 8o to 9o % in zo min. (Table 2 ). Adsorption was not demonstrated to the three aflagellate mutants but the paralysed mutants adsorbed the phage. Experiments with bacteria whose flagella had been removed by blending showed initial low adsorption rates to these organisms. Adsorption then increased during subsequent incubation of the bacteria and at 40 min. equalled that of the control (Table 3) . Adsorption could not be demonstrated to flagellar suspensions (Table 4) .
Host range
Phage Xl.S4 differed radically from ~kXT. I3 in that it plated on Salmonellae and abortively infected most of the Proteus strains which ~XT-I3 productively lyses (Table 5) . 
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Electron microscopy
The phage had an hexagonal head, a tail and one tail fibre (Fig. I) . Its morphology and dimensions were similar to the description by Schade et al. (1967) for ~hX1 (Table 6) .
Proteus flagellar phage
157
Adsorption to flagella of wild strain 13 was seen with the first preparations examined at 4 rain. after addition of phage (Fig. 2, 3) . The tail fibre of the phage appeared to be hooked round the flagellum. Adsorption to the flagellar base was demonstrated only I6 rain. after mixing (Fig. 4, 5) . Empty heads were rarely seen but when present were usually in the All preparations negatively stained with neutral potassium phosphotungstate. vicinity of the base of a flagellum (Fig. 5) . From 24 min. onwards, cell lysis was observed. Preparations of blended bacteria showed immediately after treatment that most of the bacteria were aflagellate. Preparations studied 20 rain. after blending in the blending adsorption experiment showed phage adsorbed to flagella. More flagella, and correspondingly more adsorbed phage, were present at 4o min. Other strains of Proteus productively (P. vulgaris 162,2Ol) or abortively (P. vulgaris 175) infected revealed similar flagellar adsorption. Phage adsorbed readily to the flagella of paralysed mutants but were not present at the bases of flagella and empty heads were not seen in this area. The phage did not adsorb to an aflagellate mutant FM4fla (Fig. 6) .
Flagellar suspensions
Electron microscopy showed numerous flagellar fragments (average length 0.8 #m.) with little cell debris present. Phages were attached to about 15 % of these flagellar fragments.
DISCUSSION
The association of Proteus phages and the inhibition of the swarming of their hosts has a long history. Sukneff, Milaschewskaja & Modjaew (193o) discovered that the addition of phage to a motile culture of Proteus o× I9 inhibited its motility. Brandis & Schwarzrock (I956) also observed that phage-resistant mutants were often non-motile. Sukneff et al. do not mention whether their phages were flagellotropic. The seven phages Brandis & Schwarzrock employed plated on aflagellate Proteus ox strains and may be non-ftagellotropic. The latter authors grew three swarming strains of Proteus in the presence of a mixture of four of these phages. After the third passage hanging-drop preparations revealed little or no motility and the strains did not swarm. Two of the strains never regained their swarming ability, whereas the remaining one did so after the fifteenth passage. The one non-swarming variant tested was resistant to the phages. The behaviour described could be due to pleiotropic or multiple mutations. In confirmation of the work of Dettling (I932) these authors also found that the addition of a mixture of these phages to agar plates inhibited the swarming of Proteus from most clinical isolates. No explanation for this phenomenon was given.
Phage XT-13 generally shows greater adsorption to sensitive Proteus hosts than ~X1 to Salmonella hosts (Meynell, I96I) . The reason why adsorption was demonstrated directly after deflagellation (Table 3) is that complete mechanical deflagellation of a suspension of organisms is impossible without reducing their viability. The increase in adsorption with time to blended organisms which culminates in normal adsorption after 4 ° rain. corresponds to ftagellar regeneration. Phage YT-I3 like ~byl does not adsorb to or plate on aflagellate mutants (Meynell, i96I ) . Adsorption takes place to the flagella of paralysed Proteus mutants, but infection cannot occur, presumably because these flagella are non-functional. Meynell (I961) and Schade et al. (1967) demonstrated poor attachment of ~bX1 to flagella of paralysed mutants. Because of the microscopic demonstration of flagellar adsorption of ~XT. 13 to other productively and abortively infected strains (Fig. 5) it is suggested that the flagella of these organisms are the phage adsorption-sites. Abortively infected organisms simply differ in that the phage may be restricted. No plaques were ever seen on lawns of these organisms, and host modification of the phage was not investigated.
Phage X1 made on Salmonella, Serratia marcescens or Escherichia coli was neutralized by ~Xl antiserum at the same rate, although growth of the phage in these organisms altered its e.o.p, on them (Iino & Mitani, I967). Similarly, a ~bXv. ~3 antiserum neutralized ~X~ which was prepared on Salmonella or Proteus at the same rate.
Results of electron microscopic studies indicate that the mechanism of adsorption of ~5X7. I3 to sensitive strains is probably similar to that described by Schade (Table 4) . Because of the electron microscopic demonstration of phage adsorbed to such suspensions, we postulate that when the latter complexes are titrated on susceptible organisms the phage may detach and adsorb to functional flagella.
